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(54) Laminate structural bulkhead 



(57) A hollow reinforced structural member (50) has of the reinforced structure (50) such that a bolt (84) can 

a bulkhead (66) having a layer of thermally expanded be inserted there through. A component can then be 

resin (74) disposed between opposed side walls bolted to the reinforced structural member at the site of 

(70,72). A sleeve (81) is retained within the resin layer the reinforcement. The invention not only increases the 

(74) and is oriented perpendicular to the longitudinal ax- strength of the part, but also reduces vibration and noise 

is of the reinforce structural member (50). The sleeve transmission. The reinforced structure (50) may be an 

(74) is in alignment with bolt holes (66) in opposite sides automotive (front) rail section. 
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Description 



The invention relates to reinforced structures, a reinforcina member and • , • 

Particularly in automotive applications, box sections su* « ™? ™ ™rtorcng a structural member. 

* forces where cross members are boLd to Gratis For SSiLT. *" '° considerab,e stre « 

they produce joints that are susceptib e to duraS cracS* £ i^S -""J" *'* b °" e<3 '° ^ ' rame rai ' S 
nents in pfcce may loosen due to vtoration at tSS^SS^Z^- . ' b °" S *** h °' d S " Ch COmp °- 
extends from the vehicle wheels and eo^ro ^^12—^^ *** 

»o is ~ o r= a rail section i, 

is used in the art is to provide a stamTd b U |E 1 ? attachment of the bott. One approach which 

flange portions which are spot SSI ^SSSS^^^n^^ »« ,hree 

that extends from one wall of the rail Zit fhe specrfically^the stamped bulkhead has a wall portion 

channel or cavity defined by toe raT.n oZ to J^SUTn^ ^ *' ' 0rmS 3 partition in »• 

» flanges that are perpendioL to the tZ££Z££ S isTbu^d' *~ or 

box that is open on one side. These three surfaces hi !,.J ? L 6SS8nCa 3 Shal,ow "^angular 

In order to utilize the bulkhead as a support for S ™ ^ M SPOt W6 ' ded h Pro- 

position a metal bushing that is spot welded to the bu^^LT ^'? ' S att3Ched thareto ' ft is desi °ned to 
secures the cross structure to the ra ^SS^SS!^^ ^ ^ ° USnin 9 — 
» illustrated hereinafter. °"'Knead reinforced reg.on. Th.s conventional approach will be more fully 

While the conventional bulkhead desian does servo tn .m—. ■, 
member, it generally requires fcrge gaugeCh ngs "d ^ actSvl ? attaChmem ^ ° f ^ Cr0SS 

noise Moreover, the through-bolt. bushing, metafstamping^d fai.TecSn EXTS^^^" - 
more than a unitary, integral reinforcement structure This results no nSSTJ f ! * P ™ 35 dlSCre,e elemen,s 
« and noise, but also fails to provide full reinforcement of hi rai ,« .°- V a °ove-mentioned increase in vibration 
at weld locations. 'enforcement of the rail, resultmg ,n metal fatigue at the joint and. in particular 

The present inventor has developed a number of annmarhoc 
a reinforcing beam for a vehicle doo which Tmeses aJ^ e „ i^ "f^™" 1 * hol,ow ™.al parts such as: 
cavity which is filled with a thermoset or Ze^te^Z L^ ? memb6f havin 9 a ,on 9 itudinal 

» 'nar g edwitharesin*asedmaterial;ap^ ' ho,low ^ion bar cut to length and 

of pellets containing a thermoset resinwith tow ng Z SJ^SeT^ * ° f 3 ^ 
in the structural member a composite door beam which h« , ,! J T e,nQ ex P and « 1 and cured in place 

of the bore of a me.a. tube; a hoL femS^^ T *" 0CCUpieS n0t m0re 

.,*p« bracket «. i" ^ ZSK 

None of these prior approaches, however, deal specifically with <;r»ivin« th» w, 

reinforcing bulkheads in rail sections at cross memK attachmin, ! 9 tk P b,emS associa,ed conventional 
<* problems inherent in the prior art attachment s.tes. The present invention solves many of .he 

and a Xtta bX^ — —re which incorporates a bushing 

integral unit with the reinforced structure ** COmponenls °' bulkhead work together as an 

« the ~u^ which provides greater strength to 

■ rail rather than a. the discrete welds and in Jc^T^Z!^^Zn^ ™ 3 fe9i ° n °' ^"^^ 

stru^rmX^^e" ^ — *«- - ^.ow 

A fcyer of thermally expanded p5K5£2^^ 3 pair of op P«« d 

is also bonded direct^ to the structural member A steel Us ^rouoh L ° l PP ° Sed Wa " S - ^ ' 3yef °' po ^ mer 
« opposed walls. The polymer is bonded to the sleeve ^^T^Tr P ^ Para " e ' ^ 30(1 De,Vvaen 108 
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assembly, where it expands to fill gaps between the reinforcing structure and the structural member and bonds the 
reinforcing structure to the structural member. 

In another aspect the reinforced structure of the present invention is a motor vehicle rail such as a front rail where 
local reinforcement for the attachment of components such as an engine cradle is required. In this aspect, the invention 
5 reduces vibration and noise transmission as well as increases the strength of the part at the site of the reinforcement. 

In still another aspect the sleeve is a thin wall metal bushing, the opposed walls are metal stampings with flanges 
which are welded to the structural member and the polymer is a thermally expanded epoxy resin which contains hollow 

microspheres for density reduction. 

I n still another aspect the present invention provides method of reinforcing a structural member having a longitudinal 

70 channel. In this aspect a laminated structure having two opposed walls separated by a layer of thermally expandable 
polymer is placed in the channel of a rail section or the like. The laminated structure has a sleeve disposed in the layer 
of thermally expandable polymer. The sleeve defines a passage perpendicular to the opposed walls. The laminated 
structure also has a pair of end flanges. The laminated structure is placed in the longitudinal channel such that said 
- sleeve passage is perpendicular to the longitudinal channel. The laminated structure is then welded to the structural 

is member at the flanges. The entire structure is then heated to a temperature effective to activate the blowing agent of 
the polymer and thereby thermally expand the polymer such that it bonds the laminated structure to the structural 
member. 

The invention will be further described, by way of example only, with reference to the following figures in which: 

20 Figure 1 is a diagrammatic exploded perspective view of a conventional prior art bulkhead reinforcement structure; 

Figure 2 is a diagrammatic front elevational view of the structure of Figure 1 with the cap plate removed; 
Figure 3 is a diagrammatic exploded perspective view of the reinforced rail section of the present invention illus- 
trating the construction of the reinforcing laminate bulkhead; 

Figure 4 is a diagrammatic front elevational view of the structure shown in Figure 3 with the cap plate removed; and 
25 Figure 5 is a diagrammatic back view of the bulkhead portion of Figures 3 and 4. 

Referring now to Figures 1 and 2 of the drawings, prior art front rail section 20 is shown having C-section 22 that 
defines channel 23 and which receives cap plate 24. Bulkhead stamping 26 is seen having vertical wall 29 and flanges 
30. Bushing 32 is welded to wall 28 at an arcuate bend 33 in wall 28. Flanges 30 are welded to section 22 to hold 

30 bulkhead 26 in place. Bolt 36 extends through cap 24, bushing 32 and vertical wall 37 of section 22 and then through 
a component 38 which is to attached to rail 20. Nut 40 is then attached to bolt 36 to secure component 38 in place. 
This is representative of the prior art and suffers from the drawbacks described above, i.e. inadequate reinforcement, 
inadequate sound dampening and vibration problems. 

Turning now to Figure 3 of the drawings, reinforced structure 50 is shown in one embodiment as a reinforced front 

3$ rail of an automotive frame and includes frame rail C-section 52 which is closed by cap plate 54 such that channel or 
cavity 56 is defined in reinforced structure 50. In other words the frame rail is hollow. C-section 52 includes vertical 
wall portion 58 and opposed wall portions 60 and 62. Each opposed wall portion 60,62 has a flange portion 64 of the 
attachment of cap plate 54 by welding or the like at the flange areas. Reinforcing member or bulkhead 68 is seen 
disposed in channel 56 of C-section 52 and has a first wail or side 70 and a second wall or side 72. Walls 70 and 72 

40 are parallel to one another and are separated by polymer layer 74; that is, polymer layer 74 is disposed between walls 
70 and 72. 

As best seen in Figures 4 and 5 of the drawings, each wall 70,72 has an associated arcuate portion (76 for wall 
72 and 78 for wall 70) which is designed to accommodate sleeve 81 in a manner to be more fully described hereinafter. 
Each arcuate portion 76,78 is approximately midway along the length of each wall 70,72 and can be viewed as a curved 

45 inner surface. Sleeve 81 is a metal bushing or the like and, as best seen in Figure 4 of the drawings is spot welded to 
walls 70 and 72 at weld points 63 and 85. Polymer layer 74 essentially envelopes sleeve 81 as shown in Figure 4. 

Bulkhead 68 is secured in place in channel 56 by virtue of attachment flanges 80 and 82 which extend from walls 
70 and 72 at 90 degree angles. That is, each wall 70, 72 has at each end a bent portion that mates with a similar portion 
on the opposed wall to form an attachment flange 80,82 that is welded on side wall 60,62, respectively. 

so The width of walls 70 and 72 (distance between vertical wall 58 and cap plate 54) is such that bulkhead 68 is in 

contact with vertical wall 58 and cap plate 54. Accordingly, bolt 84 extends through cap plate 54 at hole 66, through 
sleeve 81 and through a corresponding hole in vertical wall 58 (not shown). Bolt 84 then extends through a hole in a 
cross member such as engine cradle 86 which is shown in phantom as fragment 86. Nut 88 is then secured on bolt 
64 to secure engine cradle 86 onto reinforced structure 50. 

55 Bulkhead 68 is a relatively light weight structure for the amount of strength added to the frame rail. Walls 70 and 

72 can be formed of thin steel stampings, for example from .02 to about .08 inch in thickness. Mild to medium strength 
steel is particularly preferred. Also, sleeve 81 which is preferably a metal bushing may b a thin wall tube having a wall 
thickness of from about .08 to about .2 inch and is preferably mild steel. Of course, these dimensions are merely 
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SSU^r." 01 T?^ 0 ,imft ,h9 ,U " SC ° pe °' the inV8n,ion as de,ined in ,he clai ™- - ach attachment flange 

V^SSSm H79 H ° 1 7,19 "** °' P ° ,ymer ' ayer 74 Wi " ba a ,unction °< the di ^nce between 

Jet SS L rl/v! Q8 T ,,y ^ ° e,Ween *"* ' ' 3nd a ° 0Ut - 4 " is ,0 be underetood *■ ». entire 
depth of bulkhead 66 is filled with potymer layer 74; that is, as shown in Figure 5 of the drawings polymer laver 74 
extends from the front of bulkhead 69 to the back. drawings poiymer layer 74 

« si „ T !!!. P H ,ymer ""f ,0 ' 0rm D ° lymer ,ay9f 74 iS 3 f6Sin based mater ial wnicn is the ™ally expandable A number of 
res-n-based composes can be utilized to form thermally expanded layer 74 in the present invention The prTferred 
composes impart excellent strength and stiffness characteristics while adding only marginally to The 
specific reference now to the composition of layer 74, the density of the material should p2 "be torn abou^ 20 
pounds per cubic feet to about 50 pounds per cubic feet to minimize weight. The melting po^t hTat dist^ temoe ° 
ature and the temperature at which chemical breakdown occurs must also be sufficiently^ .S2^ 7 J2£ 

Tst UST VI* t8mperatUr8S ««""••* * Pain« ovens and the I. Ther^ore bye 74 s3d 

be able to wrthstand temperatures m excess of 320 degrees F. and preferably 350 degrees F for short t mes 2so 
layer 74 should be able to withstand heats of about 90 degrees F to 200 degrees F for LtJS^ 1!! ! 
exhibiting substantial heat-induced distortion or degradation Pen0dS WI,h ° Ut 

The foam 74 may be initially applied to one or both walls 70,72 and then expand into intimate contact with both 
S ' eeVe ' AdVan,a9e0US,y heat "™ *» ^ -en may be used'to aCS™ SI 

In more detail, in one particularly preferred embodiment thermally expanded structural foam for laver 74 include 
a synthe,*: resin a cell-forming agent, and a filler. A synthetic resin comprises froni aoout « £X to 
percent by weight, preferably from about 45 percent to about 75 percent by weight and l^JS^SL 7 1 I . 
50 percent to about 70 percent by weight of layer 74. Most preferably a T^S^S^SS!^^ 
As used herein, the term -cell-forming agent' refers generally to agents which P^TiS2^^?2iK 
layer 74. That is. layer 74 has a cellular structure, having numerous cells disposed throughout fts mLss S , 
structure provides a low-density, high-strength material, which provides a strong yet ZSZ^^ ll * 
agents which are compatible with the present invention include reinforcing^ 

ch e jrr h r either 9,ass or pias,ic - ais °- »• ceii -'° rmin * wXs^z 

,h« l.f L ° W,n9 a ° ent ° f 3 PhySiCa ' b ' 0WinQ a9ent G,ass ""croephere. are particular* prefe r^ Where 

the eel -tormmg agen compn.ee microspheres or macrospheres. « constitutes from about 10 ^percem o about 50 

ESS, r e ' 9 ' eraD 'r 'T 3b0Ut 1 5 PerCe^, ,0 ab0Ut 45 P ercent b * and most pref erab y ^ 20 pe em 
to about 40 percent by weight of the material which forms layer 74 Where the cell-torminn 20 percent 

agent, it constitutes from about 0.5 percent to about 5.0 percem b Tei h TpSS^SSS^^^ 

4 0 percent by weight, and most preferably from about 1 percent to about 2 percent by weTo! o ^JSTlSS! 

glass fiber, and chopped glass strand. A thbcotropu: filler is particularly preferred. Other materials mat Pe su!aWe A 
filler comprises from about 1 percent to about 1 5 percent by weight, preferably from about 2 percent to about 10 Te ceni 
by weight and most preferably from about 3 percent to about 8 percent by weight of layer 74 

r«in e re t H rred ^"^f C r6SinS ' 0r USe i0 the PrSSent inven,i0n includa 'hermosets such as epoxy resins vinyl ester 
resins thermose. polyester resins, and urethane resins. It is not intended that the scope of the ZesZlvZon Z 
imiled by molecular weight of the resin and suitable weights will be understood by those skilled ^the art baS J> 
the present disclosure. Where the resin component of the liquid fi.ler material is a theLose 'rest various acceler^rs 
such as -middles and curing agent, preferabiy dicyandiamide may also be included to enhance the cure ram A 
functional amount of accelerator is typically from about 0.5 percent to about 2.0 percent of the resfn weignTvvS cof 
responding reduction in one of the three components, resin, cell-forming agent or filler S m lariy the amoun Tu2« 

ce~~ 

centages in the present disclosure are percent by weight unless otherwise specifically designated 



INGR EDIENT 

EPON 828 (epoxy resin) 
DER 331 (flexible epoxy resin) 
DI-CY (dicyandiamide curing agent) 



PERCENTAGE BY WEIGHT 

37.0 
18.0 
4.0 
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(continued) 



INGREDIENT 


PERCENTAGE BY WEIGHT 


IMIDIZOLE (accelerator) 


as 


FUMED SILICA (thixotropic filler) 


1.1 


CELOGEN AZ199 (asodicarbonamide blowing agent) 


1.2 


83 MICROS (glass microspheres) 


37.0 


WIN NOR L CALCIUM CARBONATE (C a C0 3 filler) 


0.9 



While the invention has been described primarily in connection with vehicle parts, it is to be understood that the 
invention may be practiced as part of other products, such as aircrafts, ships, bicycles or virtually anything that requires 
energy for movement. Similarly, the invention may be used with stationary or static structures, such as buildings, to 
provide a rigid support when subjected to vibration such as from an earthquake or simply to provide a lightweight 
support for structures subjected to loads. Additionally, while the invention has been described primarily with respect 
to heat expandable foams and with respect to metal parts such as the inner tubes 16, 58 and 76, other materials can 
be used. For example, the foam could be any suitable known expandable foam which is chemically activated into 
expansion and forms a rigid structural foam. The bulkhead wails 70,70 and sleeve 81 could be made of materials other 
than metal such as various plastics or polymeric materials or various wood type fibrous materials having sufficient 
rigidity to function as a back drop or support for the foam. Where a heat expandable foam is used the bulkhead walls 
and sleeve should be able to withstand the heat encountered during the heat curing. Where other types of foam ma- 
terials are used, however, it is not necessary that the bulkhead walls and sleeve be able to withstand high temperatures. 
Instead, the basic requirement for the bulkhead walls and sleeve is that it have sufficient rigidity to function in its intended 
manner. It is also possible, for example, to use as the bulkhead walls and sleeve materials which in themselves become 
rigid upon curing or further treatment. The invention may also be practiced where the bulkhead walls and sleeve are 
made of materials other than metal. It is preferred, however, that materials be selected so that the thin unexpanded 
foam upon expansion forms a strong bond with the bulkhead walls and sleeve so that a structural composition will result 
While particular embodiments of this invention are shown and described herein, it will be understood, of course, 
that the invention is not to be limited thereto since many modifications may be made, particularly by those skilled in 
this art, in light of this disclosure. It is contemplated, therefore, by the appended claims, to cover any such modifications 
as fall within the true spirit and scope of this invention. 



Claims 



1. A reinforced structure (50), comprising a structural member (52) defining a space (56); a reinforcing member (68) 
disposed in said space, said reinforcing member having first (70) and second (72) opposed walls; a layer of ex- 
panded polymer (74) disposed between and bonded to said first and second opposed walls, said expanded polymer 
also being bonded to said structural member; a sleeve (81) extending through said expanded polymer, said sleeve 
being disposed between said first and second opposed walls, said expanded polymer being bonded to said sleeve; 
and said sleeve defining a passage adapted to receive a bolt. 

2. The reinforced structure recited in claim 1, further including a bolt which extends through said structural member 
and which extends through said sleeve. 

3. The reinforced structure recited in claim 1 or 2, wherein said reinforced structure is an automotive rail section. 

4. The reinforced structure recited in claim 3, wherein said automotive rail section is a front rail. 

5. The reinforced structure recited in claim 3 or 4, wherein said rail section is C-shaped with outwardly extending 
flanges, and a cap plate secured to said flanges. 

6. The reinforced structure recited in any of the preceding claims, wherein said opposed walls are welded to said 
structural member. 



7 



The reinforced structure recited in any of the preceding claims, w.ierein said sleeve is welded to at least one of 
said first and second wails. 
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8. The reinforced structure recited in any of the preceding claims, wherein said reinforced structural member has 
pair of through holes in alignment with said bolt-receiving passage of said sleeve. 

9. The reinforced structure recited in any of the preceding claims, wherein said layer of expanded potymer 



is an epoxy. 



10. The reinforced structure recited in any of the preceding claims, wherein said sleeve is substantially parallel with 
said first and second opposed walls. 

11 . The reinforced structure recited in any of the preceding claims, wherein said layer of expanded polymer is thennally 
fcf t e JtT ' in P ercanta 9a by weight, from 40% to 60% resin; from 10% to 50% microspheres; from 
0.5% to 5% blowing agent; from 1 % to 1 5% filler; from 0.5% to 2.0% accelerator and from 1 % to 8% curing agent. 

12. A ^reinforced I structural member (50). comprising: a rail (52) having opposed side walls and defining a longitudinal 

SE^T ? . Chann9 ' *** a,0n9 3 ,0n9i,Udinal "* a laminate reinforcement member ^ dis- 
posed in said channel perpendicular to said longitudinal channel, said laminated reinforcement membe having 
t^opposedreta.n.ngw^^ 

walls and said sleeve; and a bolt extending through said rail and said sleeve. 

1 3 * 25£ member ° f Cl3im 1 Z Wherei " ^ iS ^ °' S,eel ' and said wa,,s navi "9 «*"0M are 

14. The reinforced structural member recited in claim 12 or 13 wherein said opposed retaining walls each include 
curved inner surface at the position of said sleeve. naming wans eacn include 

1S ' HZSE w"s dStrUCtUre feCited i0 C ' aim 1 Z 13 ° f K Wherei " SaW S ' eeVe iS W6,ded to at east one <* ™* °PP°sed 



er is an epoxy. 



1 6. The reinforced structure recited in any of claims 1 2 to 1 5, wherein said layer of expanded polym 

17. The reinforced structure recited in claim 16, wherein said epoxy is thermally expanded and lunher contains mi- 
crospheres which reduces the density of said epoxy. 

1 & iUf Hl 0rCed T C T l reCited in 3ny °' C ' aimS 1 2 10 1 7 ' Wherein said laminated reinforcement member 

has a flange portion at each end thereof. 

19. A method of reinforcing a structural member (50) having a longitudinal channel (56) therethrough, comprising the 
steps oft providing a structural member which defines a longitudinal channel; providing a laminated structure (68) 
having two opposed walls separated by a layer of expandable polymer; said laminated structure having a sleeve 
disposed in said layer of expandable polymer, said sleeve defining a passage between said opposed walls- placing 

f? «ST IT „ T K Ufe ,> ,on9itudina ' channel such tha < ^id sleeve passage is substantially perpendicular 
to said longrtud.nal channel fixing said laminated structure to said structural member; and actuating said polymer 
to expand into intimate contact with said walls and said sleeve. P°"ymer 

2 °' ^ e ,£ e !I 0d / eCited '? Ciaim J 9, Wherei " thS p0 ' ymer b therma,| y ex P a ^able, in which said structural member is 

h^T^H SU , !' em ,0 ,hefTna,ly 6Xpand teyer 0< therrnal, y "Pandable po^mer such that said 
polymer bonds said laminated structure to said structural member. 

21. The method recited in claim 19, wherein said structural member is an automotive rail. 

21 2d epo t xJ d feCited in 20 ' Wherei " Mld eP0Xy ' Ufther inC ' UdeS micros P neres wnicn ^duce the density of 

23. A reinforced structure, comprising a structural member (50) defining a space (56); a reinforcing member (63) 
disposed in said space, said reinforcing member having first and second opposed walls (70.72); a layer of thermally 

OZZHSH ! ^!T er ^ f P ° S ! d betWee " "* b ° nded 10 S3id fifSt and Second °PP° sed ««"». ^id thermal^ 

. - Vm8r 50 9 " ded 10 S3id S,rUC,Ura ' memb6r ' Wher8in said la y er °< Germany expandable 
polymer includes, in percentage by weight, 37% epoxy resin, 18% flexible epoxy resin. 4% dicyandiamide curing 
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agent, 0.8% imidazole accelerator, 1.1% fumed silica, 1.2% azodiarbonamide blowing agent, 37% glass micro- 
spheres, and 0.9% calcium carbonate; a sleeve extending through said thermally expandable polymer, said sleeve 
being disposed between said first and second opposed walls, said thermally expandable polymer being bonded 
to said sleeve; and said sleeve defining a passage adapted to receive a bolt. 

24. A reinforcing member (68) comprising first (70) and second (72) opposed wails, and a sleeve (81), disposed be- 
tween said first and second walls defining a passage adapted to receive a bolt, wherein an expandable polymer 
is disposed within said reinforcing member such that it can be expanded to bond said first and second opposed 
walls and said sleeve. 



EP 0 891 918 A1 



r 



so 




(Prior Art) 



FIG. 2 (Prior Arb) 
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